Entanglement contains one of the most interesting features of quantum mechanics, often named quantum non-locality [1] . This means entangled states are not separable regardless of the spatial separation of their components. Measurements on one particle of a two-particle entangled state define the state of the other particle instantaneously with neither particle enjoying its own well-defined state before the measurement.
Multi-dimensional entanglement is another possibility, besides creating multi-particle entanglement, for extending the usual two-dimensional twoparticle state. In the following we present an experiment in which we employed a property of photons namely the spatial modes of the electromagnetic field carrying orbital angular momentum to create multi dimensional entanglement. The advantage of using these modes to create entanglement is that they can be used to define an infinitely dimensional discrete Hilbert space.
The experimental realization was done in two steps. First we confirmed that spontaneous parametric down-conversion conserves the orbital angular momentum of photons. This was done for pump beams carrying orbital angular momenta of −h, 0, and +h per photon respectively. In a further step it was shown that the state of the down-converted photons can not be explained by assuming classical correlation in the sense that the photon pairs produced are just a mixture of the combinations mentioned. We proved that in contrast they are a coherent superposition of these combinations and hence they have to be considered as entangled with respect to the orbital angular linked to the sign of the index l and can be chosen by convention. As predicted by Allen et al. [11] and observed by He et al. [12] LG modes carry an orbital angular momentum for linearly polarized light which is distinct from the angular momentum of photons associated with their spins. This feature of the photon states with phase singularities is the reason why they are often suggested for gearing micro machines and it was shown that they can be used as optical tweezers [13, 14, 15] .
To demonstrate the conservation of the orbital angular momentum carried by the LG modes in spontaneous parametric down conversion we investigated three different cases for pump photons possessing orbital angular momenta of −h, 0, and +h per photon respectively. As a pump beam we used an Argon-ion laser at 351 nm which we could operate either with a simple Gaussian mode profile (l = 0) or in LG modes (l = ±1) after astigmatic mode conversion [16] . Spontaneous parametric down conversion was done in a 1.5 mm thick BBO crystal cut for type-I phase matching (that is both photons share the same linear polarization). The crystal cut was chosen such as to produce down-converted photons at 702 nm at an angle of 4
• off the pump direction.
The mode detection of the down converted photons was performed using 4 mode filters consisting of computer generated holograms and mono-mode optical fibers in connection ( Figure 2 ). The mode filter is a device which can distinguishe between different modes. We used silicon avalanche detectors in coincidence which were operating in the Geiger mode.
Computer generated holograms often have been exploited in the past for creating LG modes of various orders. [17] . Our holograms were phase gratings It is important to mention that using a coincidence measurement we could
show that the conservation of the orbital angular momentum holds for each single photon pair. In contrast, cumulative detection methods using many photons would result in a rather incoherent pattern [18] since each single photon from parametric down-conversion by itself is an incoherent mixture.
Therefore Arlt et al. [18] using these classical detection methods which are in principle unsuitable at the single photon level were led to believe that the orbital angular momentum is not conserved in spontaneous parametric down-conversion. 5 .
In a classical model, where an entangled state does not exist, the probability distributions of the Gaussian mode an the LG mode are just added.
However an entangled state represents both correctly the correlation of the eigenmodes and the correlation of its superpositions. Our experimental results confirm the two-photon state as an entangled state with respect to the orbital angular momentum. For example for a pump beam with zero angular momentum the emitted state must be written as:
since the LG mode form a infinite dimensional basis. Here the numbers in the brackets represent the indices l of the LG modes and the C i,j denote the corresponding probability amplitude for measuring |i |j . The state (1) is a multi dimensional entangled state for two photons. It means neither photon in state (1) possesses a well-defined orbital angular momentum after parametric down conversion. The measurement on one photon defines its orbital angular momentum and projects the second one in the state with the opposite value of the orbital angular momentum. It is conceivable to extend 5 After completing the experimental work presented here related theoretical work was brought to our attention [19, 20] 8 REFERENCES these states to multi-dimensional multi-particle entanglement in the future.
A steadily increasing body of theoretical work calls for entanglement of quantum systems of higher dimensions [6, 7] . These states have applications in quantum cryptography with higher alphabets and quantum teleportation.
Since such states increase the flux of information it is conceivable that they would be of importance for many other applications in quantum communication and quantum information too. Also the possibility to use these photon states for driving micro machines and their application as optical tweezers make them versatile and auspicious for future technologies [13, 14, 15] .
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